A posterior approach to the elbow utilizing an olecranon osteotomy has been shown to provide excellent visualization of the distal humerus articular surface. However, many bony stabilization and fixation methods for the olecranon osteotomy are usually prominent, frequently symptomatic, and often require a second operation for removal. This paper evaluates the use of an innovative device, the olecranon sled, in fixation of olecranon osteotomies for exposure of intra-articular distal humerus fractures and provides follow-up results. A retrospective review of all patients with intra-articular distal humerus fracture treated through an olecranon osteotomy approach and fixed with an olecranon sled, between September 2008 and December 2011 was conducted. Charts and radiographs were reviewed to determine olecranon union or nonunion, presence of symptomatic hardware, and need for secondary surgery to remove symptomatic olecranon fixation. Fourteen patients were included in the study. Average clinical follow-up was 33.5 weeks (range, 6 to 118 wk). There were no olecranon nonunions. One patient underwent additional surgery for symptomatic hardware removal (7.1%). Two additional procedures were performed; 1 for revision open reduction and internal fixation of distal humerus fracture nonunion (7.1%) and 1 for release of elbow contracture (7.1%). Although follow-up is limited, the use of this device has been associated with excellent rates of olecranon union with a low rate of symptomatic hardware requiring removal.
HISTORICAL PERSPECTIVE
The optimal management for physiologically active patients with displaced, unstable intra-articular distal humerus fracture is open reduction and internal fixation of the fracture fragments followed by early elbow mobilization. The fracture may be approached through an olecranon osteotomy, which allows visualization of the greatest percentage of the articular surface. 1 An intra-articular apex distal chevron osteotomy has been recommended as compared with a transverse osteotomy for its increased surface area for healing and improved stability. Stabilization of the olecranon osteotomy has traditionally involved the use of 2 K-wires or a single cancellous screw placed across the osteotomy site supplemented by tension band wiring-techniques that have been shown to be biomechanically equivalent in cadaveric studies. 2 However, problems with prominent hardware, proximal Kwire migration, malunion or nonunion of the osteotomy site, and need for removal of hardware led to alternative methods of fixation such as plating with 3.5-mm reconstruction plates, 1/3 tubular plates, or locked plating constructs. [3] [4] [5] [6] The olecranon sled (TriMed Inc., Valencia, CA) is an innovative device designed for fixation of olecranon fractures and olecranon osteotomies. The device's design incorporates principles of tension band fixation and compression. Fixation and stabilization is achieved with use of a sturdy but lowprofile 1-piece wire loop with cannulated tines that insert into the medullary canal of the ulna. The outer wire loop is secured to the ulna with a contoured washer and a combination of cortical and locking screws. Biomechanical testing has shown that the olecranon sled performs similarly to a tension band construct in cadaveric models of olecranon fracture. 7 The purpose of this study is to evaluate our technique in using the olecranon sled in patients to repair olecranon osteotomies for exposure of intra-articular distal humerus fractures and to evaluate early outcomes and complications.
INDICATIONS/CONTRAINDICATIONS
The olecranon sled may be used for fixation of olecranon osteotomies and olecranon fracture with similar indications as a tension band construct. Ideally, olecranon fractures stabilized with the olecranon sled should have limited comminution and adequate fragment size for stable fixation. Although the transolecranon approach is not routinely used for total elbow arthroplasty, in the setting of type C distal humerus fracture where the plan for open reduction and internal fixation is abandoned intraoperatively in favor of total elbow arthroplasty, a slight modification in this technique allows adequate stabilization of the olecranon osteotomy concomitantly with total elbow arthroplasty.
SURGICAL TECHNIQUE
For all patients, surgery was performed under general anesthesia. Patients were placed in the lateral decubitus position with the operative arm draped over a bolster. A standard posterior approach to the elbow was used. Thick skin flaps were elevated medially and laterally.
The proposed apex distal chevron olecranon osteotomy is marked and the olecranon sled drill guide is placed flush against the posterior surface of the olecranon (Fig. 1) . With the drill guide held firmly against the olecranon 2 holes are drilled with a 2.0-mm drill bit (Fig. 2) . The drill guide is removed, and the olecranon osteotomy is performed with a microsagittal saw down to subchondral bone. The osteotomy is completed with use of a small osteotome to protect the articular surface and create a better surface for osteotomy interdigitation.
After fixation of the distal humerus fracture, two 0.9-mm guide pins are inserted into the proximal olecranon fragment and the osteotomy is reduced and held in placed with a large tenaculum (Fig. 3) . The guide pins are seated across the osteotomy site. The tips of the tines on the olecranon sled are cannulated to allow the tines to be placed onto the guide pins and slid down to the predrilled holes in the olecranon (Fig. 4 ). An alternative method of realigning the olecranon fragment is to place the tines of the olecranon sled directly into the olecranon fragment so that the tines protrude distally through the osteotomy site. They can then be used to realign the olecranon fragment to the proximal ulna. With the osteotomy reduced, the sled inserter is used to advance the olecranon sled across the osteotomy site (Fig. 5 ). Tapping the sled inserter with a mallet ensures the sled is seated against the bone.
The olecranon sled is secured to the ulna with a contoured washer that accepts three 3.2-mm cortical screws. To apply the olecranon sled with compression across the osteotomy site, the washer drill guide is used to capture the distal loop of the olecranon sled and compression is applied across the osteotomy site by applying pressure in a distal direction (Fig. 6) . A short 2.3-mm drill is used to drill the most distal hole and the drill bit is detached and temporarily left in the bone to maintain the position of the drill guide (Fig. 7) . The proximal 2 holes are drilled with a second 2.3-mm drill bit. The drill guide and drill bits are removed. Alternatively, all 3 holes may be drilled consecutively if compression is maintained across the osteotomy site and the drill guide is held firmly in position. The washer is placed on the rails of the sled with the half-circle cutout oriented distally. One or two 3.2-mm cortical screws are placed in the proximal holes but not fully seated, to stabilize the washer and to permit the olecranon sled to slide beneath the washer. Compression across the osteotomy site is achieved when a final 3.2-mm cortical screw is placed in the most distal hole. As this distal screw becomes fully seated, the screw head engages the distal loop of the sled and displaces the sled loop further distally, resulting in compression across the osteotomy site (Fig. 8) . All screws are tightened. Final fixation is achieved by placing a locking screw in the middle hole to create a fixed-angle construct (Fig. 9) . This technique may be modified for the clinical scenario in which open reduction and internal fixation is abandoned intraoperatively, in favor of total elbow arthroplasty. In this case, the olecranon sled may still be used to stabilize the osteotomy. This can be done either before or after implantation of the elbow arthroplasty. The only modification necessary is that shorter unicortical 3.2-mm screws are placed through the sled washer. In our experience, screws that are 8 mm in length are optimal and do not interfere with total elbow implant placement (Fig. 10) . 
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POSTOPERATIVE REHABILITATION
Postoperatively, all patients were allowed gentle active range of motion of the elbow and weight bearing as tolerated through the operative extremity. Splinting was limited to nighttime use of an anterior-based orthoplast splint in full extension. Patients were routinely seen at 1, 3, 6, and 10 weeks postoperatively for radiographs and clinical examination.
RESULTS AND COMPLICATIONS
Potential complications related to this method of olecranon osteotomy fixation include: hardware failure, osteotomy delayed union or nonunion, hardware irritation, and need for removal of hardware. Fourteen of the 15 patients identified as having undergone olecranon osteotomy for exposure of a distal humerus fracture, between September 2008 and December 2011, were available for review (Table 1) . Outpatient charts were reviewed for demographic information, postoperative range of motion, occurrence of union of osteotomy site, presence of complications, and need for secondary procedure to remove osteotomy hardware. Osteotomy union was determined based on radiographic evidence of olecranon healing and lack of tenderness at the olecranon osteotomy site on clinical examination. The average age of patients was 68 years (range, 31 to 87 y). Ten of the 14 patients were female (71.4%). Average follow-up time was 33.5 weeks (range, 6 to 118 wk). Of note, 3 of these patients had follow-up of 2 months or less. There were no nonunions or delayed unions of the olecranon osteotomy site. Three of the 14 (21.4%) patients underwent a second operation. However, only one of these was for removal of symptomatic hardware at the olecranon osteotomy (7.1%). The other reoperations were performed for complications related to open reduction and internal fixation of distal humerus fractures. One patient underwent revision open reduction and internal fixation for nonunion of the distal humerus fracture 4 months after the index operation and the olecranon hardware was removed at that time. The third patient developed heterotopic ossification and limited elbow flexion and underwent excision of the heterotopic ossification and release of the contracture, but the olecranon hardware was left in place.
Range of motion at final follow-up was: average extension 35 degrees (range, 9 to 55 degrees); average flexion 117 degrees (range, 90 to 135 degrees); average pronation 71 degrees (range, 60 to 85 degrees); average supination 63 degrees (range, 35 to 85 degrees).
CASE EXAMPLE

Patient 9:
A 64-year-old man who sustained an intra-articular distal humerus fracture. Open reduction and internal fixation was performed through an olecranon osteotomy and the osteotomy was fixed with an olecranon sled. Note that earlier versions of the olecranon sled used a washer design that is 
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Olecranon Osteotomy Fixation Using a Novel Device positioned on top of the wire loop but does not allow for additional compression (Fig. 11 ).
DISCUSSION
The transolecranon approach to intra-articular distal humerus fractures is often used in complex fracture patterns because it provides the greatest visualization of the articular surface. 1 Complications from olecranon osteotomy include delayed union, nonunion, hardware loosening or failure, symptomatic hardware prominence requiring removal and infection. [3] [4] [8] [9] [10] Although K-wire and tension band fixation of olecranon osteotomies is commonly used, the rate of delayed union and FIGURE 8. Illustrations of olecranon sled and washer in position before compression across the osteotomy site. As most distal screw is seated, the screw head engages the wire loop and displaces the sled distally, allowing for compression across the osteotomy site. nonunion of olecranon osteotomies may be as high as 14% of patients. 8, 11 Hardware may become symptomatic requiring removal at a secondary procedure in up to 27% of patients. 12 Henley et al 8 reported complications in 8 of 14 (57%) patients using a K-wire and tension band construct including K-wire migration, hardware failure, and delayed union or nonunion. Six patients (42.8%) required revision surgery for hardware removal or revision fixation. These authors recommended using an intramedullary screw instead of K-wires for the tension band construct to decrease the chance of hardware migration. Intramedullary screw and tension band constructs have demonstrated low rates of olecranon nonunion or delayed union without problems of hardware migration. 8-9, 13 Tak et al 13 reported delayed union in only 4 of 94 (4.2%) patients treated in this manner. However, 17% of their patients underwent additional surgery for removal of symptomatic hardware. Similarly, Coles et al 9 reported symptomatic hardware removal in 6.5% of 46 olecranon osteotomies fixed with an intramedullary screw and tension band construct.
From a biomechanical standpoint, the olecranon sled seems to provide equivalent fixation stability as a bicortical K-wire tension band construct. 7 In this cadaveric study, simulated transverse olecranon fractures were fixed with either the olecranon sled or bicortical K-wires and tension band wiring. After application of cyclic loading of the biceps and triceps to the construct, there was no statistically significant difference in fracture displacement between the 2 fixation methods. No studies have compared the olecranon sled fixation to tension band construct with intramedullary screw or a posterior plate construct.
Posterior plating of an olecranon osteotomy may provide improved stability compared with tension band constructs. Tejwani et al 5 compared a bicortical K-wire and tension band construct with a one-third tubular hook plate for fixation of a transverse olecranon osteotomies and found the hook plate construct had statistically significant less displacement at the osteotomy site with brachialis and triceps loading. A variety of posterior plating techniques have been described with reported excellent osteotomy union rates approaching 100% and rates of symptomatic hardware removal between 0% and 6.4%. [3] [4] [5] 9 However, in 1 series of 31 patients where posterior hook plating was used, 16% of patients required revision surgery for mechanical failure of osteotomy fixation or osteotomy nonunion and 48.4% of patients had removal of hardware for unspecified reasons at final follow-up. 4 In comparison with these other methods of osteotomy fixation, the olecranon sled is simple to apply without requiring 
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plate contouring, K-wire placement, or wire twisting techniques, which may add to the length and complexity of the case.
Our results with use of the olecranon sled have demonstrated excellent rates of osteotomy union and few complications, although our length of clinical follow-up in this patient group is limited. One patient (7.1%) had removal of hardware due to hardware irritation. We believe the low rate of symptomatic hardware is due to the low-profile design of the olecranon sled. In addition, the 1-piece design of the olecranon sled, where the outer wire loop is directly connected to the inner tines, prevents the possibility of proximal migration of hardware, which has been described in tension band constructs using K-wires. 14 Limitations of the current study are related to its retrospective design, small sample size, and short duration of followup. It should be noted that 3 of our patients had 2 months of follow-up or less and it is possible that with more time a greater percentage of our patients may experience hardware irritation requiring removal. However, this new method of fixation demonstrated 100% union rate with limited complications, suggesting that further evaluation in clinical studies is warranted.
